The current generation of global chemical transport models clearly underestimates this long-range transport of pollutants, implying that the model-projected impact on regional air quality due to intercontinental pollution transport is also underestimated.
Introduction
Trans-Pacific transport of pollutants to North America has long been recognized [e.g., Andreae et al., 1988; Merrill et al., 1989; Parrish et al., 1992] . A particular concern is how increasing pollution from Asia driven by rapid regional economic growth affects O 3 concentrations in the United States [e.g., Jacob et al., 1999; Berntsen et al., 1999] .
Ozone is not emitted directly but produced photochemically. In the troposphere, the photochemical production is catalyzed by NO x (NO+ NO 2 ) during the oxidation of CO and volatile organic compounds (VOCs).
Measurements aimed at exploring the effects of trans-Pacific transport have focused previously on low-altitude O 3 , CO, and peroxyacetyl nitrate (PAN) Lin et al., 2000; Jaffe et al., 2003] . Three-dimensional chemical transport models (CTMs) are often used to assess transport pathways [e.g., Liang et al., 2004; Liu et al., 2005] . The models predict that the trans-Pacific transport is most effective during midspring because of the strength of the westerlies in the season. The prediction was consistent with the observed enhancements of CO at a surface site [Weisss-Penzias et al., 2004] .
The trans-Pacific pollutant transport has important ramifications for the effectiveness of air quality control measures over the United States [Jacob et al., 1999] .
For example, the subsidence of high O 3 , produced photochemically during trans-Pacific transport, could significantly contribute the exceedances of air quality standard at California mountain sites [Hudman et al., 2004] .
In this work, we focus on two aspects that have not been explored in the previous analyses of the observations and evaluate our current capability to simulate these 2 observed features. The first aspect is whether the characteristics of upper tropospheric trans-Pacific transport differ from those at lower altitude. The second is whether we can deduce the effects of trans-Pacific transport on O 3 and the most critical precursor for its production, NO x , over North America. To our knowledge, no previous attempt has been made to examine the impact of trans-Pacific transport on North American NO x .
The Tropospheric Ozone Production about the Spring Equinox (TOPSE) experiment took place during February-May, 2000 [Atlas et al., 2003] . Thirty eight science flights were conducted in 7 deployments (1-2 weeks apart), covering the region To analyze the TOPSE measurements, we make use of a 3-D regional chemical transport model (RCTM) [Choi et al., 2005] and the global GEOS-CHEM model [Bey et al., 2001 ]. The RCTM model domain covers the continental United States and Canada with a horizontal resolution of 70x70 km 2 and 21 layers up to 100 hpa in the vertical [Choi et al., 2005] . The National Center for Atmospheric Research/Penn State MM5 was used to simulate the meteorological fields using four dimensional data assimilation with the National Center for Environmental Prediction reanalysis, surface, and rawinsonde 
Results and discussion
During TOPSE, the largest increase in upper tropospheric reactive nitrogen NO x and PAN was observed during late spring [Wang et al., 2003a] . We first investigate the potential impact of trans-Pacific transport on NO x concentrations. production. These enhancements were not simulated in the global GEOS-CHEM model.
However, both models show a lack of significant lightning and convective activity over the region in May due to the presence of a high-pressure ridge system residing over the western United States. Previously NO x simulations using different regional (HANK [Hess et al., 2000] ) and global (MOZART-2 [Horowitz et al., 2003] ) CTMs have also shown model underestimations of 50-60% with few data points of simulated NO x mixing 4 ratios > 50 pptv above 5 km [Emmons et al., 2003 ]. The previous researchers were unable to find explanations for the large model underestimation.
Overall February to >80 ppbv in May (Fig. 2) [Browell et al., 2003] ; the model does not reproduce the large increase.
We attributed previously 60 and 80% of the observed springtime O 3 increase to photochemical production at mid and high latitudes, respectively [Wang et al., 2003b] .
The upper tropospheric O 3 problem in the model may therefore be attributed to the large underestimation of NO x . There is also direct observational evidence for the importance of photochemical O 3 production catalyzed by NO x . Fig. 3 shows the observed correlation 6 between NO x and O 3 above 4 km in May. By examining the deviation from a normal distribution in the CO cumulative probability in May, we find two distinctive data groups, TOPSE NO x mixing ratios are sums of measured NO and calculated NO 2 using a photochemical model constrained by observed NO, O 3 , CO, VOCs, H 2 O, and photolysis rates [Wang et al., 2003a] . 
